Retinoblastoma (Rb) was reported firstly by Benedict is the commonest pediatric intraocular malignant tumor in children younger than 5 years of age. The study was conducted to detect the RB-1 gene for prognostic evaluation in retinoblastoma and to see the frequency of RB-1 gene in our population. This was a retrospective descriptive analytical study. Five years biopsies (January, 2006 to December 2011) of the retinoblastoma, from the Pathology department, was retrieved to see optic nerve involvement in all the retrieved specimens. The study was taken to see the mutation of RB1 gene by immunohistochemistry and PCR. The study plan was approved from Institutional Review Board (IRB) of the University. All the cases showed positivity of abnormal Rb-1 gene proteins expression by Immunohistochemistry staining. On PCR, 51/52 (98%) tumors expressed gene mutation as compared to 100% expression shown by IHC. Out of these, 28/51 (55%) cases showed ONI and ODI with positivity for mutated RB gene. A positive association was seen among RB gene mutation with ONI and ODI (p = 0.05). There were 33/51 (65%) cases who did not show any EOE but showed PCR positivity for RB gene mutation. While there were 18/51 (35%) cases who showed EOE and positivity of PCR for Rb-1 gene mutation and a positive association was seen with EOE and gene mutation (p = 0.005). The most common sequence of mutation was on 13 with 33 cases for double mutation, 12 cases for single and 6 patients for triple pattern of mutation. Most of the double and triple sequences of mutations were associated with ONI, ODI and EOE. We concluded that mutation of RB-1 gene is responsible in causation of the tumors with a positive association with tumor size and tumor extension (optic nerve, and extraocular extension), and mutation affects patients with all ages, both gender and unilateral and bilateral tumors.
INTRODUCTION
Retinoblastoma (Rb), the most common primary ocular malignancy of childhood, often related to mutations in the RB1 gene, arising from retina, generally affects children under the age of 6. It can affect one or both eyes. A whiteness in the pupil or squint, usually alerts the parent or pediatrician to possible diagnosis [1] .
Genetic mutation involving "Retinoblastoma gene 1 (Rb1) at chromosome 13 affects has a significant role in its etiology [2] . RB inherited as autosomal dominant trait, with 40% of worldwide cases belonging to this category, needs mutation in both the alleles for the disease to occur [3] . Irrespective of the gender and race the mean ageadjusted incidence of RB in the USA is 11.8 per million children aged 0 -4 years [4] .
Retinoblastoma gene mutations are highly heterogeneous, with a wide-range, from 5.5% to 94.8%, depending upon the patient selection criteria (unilateral, bilateral, familial, and/or sporadic cases) and the screening techniques [5, 6] . Individuals carrying a germline mutation are predisposed within the first 2 years of life to multifocal bilateral tumors, and later in adulthood to bone and connective tissue tumors [7] .
Successful treatment of retinoblastoma depends upon its early detection and intervention [4] . However, 87% of the children who become the victim of this disease worldwide die, mostly in developing countries. In developed countries, 97% of those who do live have moderate to severe visual impairment or the child may lose one or both eyes [8] .
The study was conducted to detect the RB-1 gene for prognostic evaluation in retinoblastoma and to see the frequency of RB-1 gene in our population.
MATERIAL AND METHODS
This was a retrospective descriptive analytical study. The records of the Institute of Ophthalmology, King Edward Medical University/Mayo hospital, Lahore. Pakistan for more than 909 cases of orbital lesions January 2006-December 2011 was analyzed. Five years biopsies of the retinoblastoma, from the Pathology department, were retrieved to see optic nerve involvement in all the retrieved specimens. The study was taken to see the mutation of RB1 gene by immunohistochemistry and PCR. Their specimens/slides were reanalyzed for genetic detection in the pathology department and studied for the prognostic factor by immunohistochemistry and PCR.
Study Design
Analytical Descriptive.
Study Population
Patients with Retinoblastoma who visited the Institute of Ophthalmology from 2006 to 2011.
Study Settings
Patients who came to Ophthalmology Department, Mayo Hospital, King Edward Medical University, Lahore.
Inclusion Criteria
Pakistani citizens. All age groups. Both male and female. Patient with orbital lesions.
Exclusion Criteria
Patients with incomplete history. Tumors other than Retinoblastoma.
Approval of Ethical Committee:
The study plan was approved from ethical committee of King Edward Medical University.
Detection of Rb Protein by
Immunohistochemistry [9, 10] Formalin-fixed sections of each specimen was stained with hematoxylin/eosin and examined microscopically to confirm the presence of tumor cells. Immunohistochemistry was performed on 5 um formalin-fixed sections using the Rb1 anti Rb (DAKO Dilution 1/50) antibody and the avidin-biotin complex (ABC) technique. After incubating of sections with the above antibodies for 45 minutes at room temperature, staining with LSAB2 Kit (DAKO) and using of DAB was followed. Positive and negative controls were applied in each series. Staining will be repeated in all 10 samples for two times in two different series, but in equal conditions, and the results were similar. Serial sections were treated with Mel-5 an antibody to human melanosomes, as a negative control. All sections were counterstained with methylene blue to verify presence of intact nuclei.
Grading of IHC
Nuclear staining for Rb protein as well as cytoplasmic staining of tumoral cells for RB-1 was reported as follows:
1) 0% -10% = Neg; 2) 10% -30% = 1+/; 3) 30% -60% = 2+/; 4) 60% -100% = 3+.
Molecular Analysis
Genomic DNA was isolated from formalin fixed tissues of retinoblastoma tumors using a commercial DNA isolation kit (Gentra, Minneapolis, MN), following the manufacturer's instructions including proteinase-K digestion followed by salting out of DNA. A nested polymerase chain reaction (PCR) protocol was established with two sets of primers designed to amplify exon 27 of the RB1 gene and its vicinity region and tested on single lymphocytes from the couple. Screening of germline mutations in the RB1 gene was performed with PCRdirected sequencing of the promoter and the 27 coding exons, and their flanking intronic regions, using the primers described by Abouzeid et al. [8] . PCR reactions were performed in a thermal cycler (ABI 2700), in a total volume of 15 µl containing 25 -50 ng of genomic DNA, 3 picomoles of each primer, and 7.5 µl of master mix 2× (AmpliTaq Gold 360 Master Mix; Applied Biosystems, Foster City, CA). Reactions were performed for 35 cycles of 94˚C for 1 min, annealing at the specific temperature for 1 min, 72˚C for 1 min, and a final extension step at 72˚C for 7 min. After the unincorporated deoxynucleoside triphosphates and primers were removed using Exonuclease I and shrimp alkaline phosphatase (ExoSAP-IT PCR Purification Kit, GE Healthcare, UK), the PCR products were directly sequenced using the ABI BigDye Terminator v 3.1 Sequencing Standard Kit (Applied Biosystems, Foster City, CA) and run on an ABI 3130 Genetic Analyzer. The sequence data were analyzed ure 2A). Table 2 shows frequency of unilateral and bilateral tumors in our patients.
by comparison to the consensus sequence of the RB1 gene (GenBank L11910.1) using ABI SeqScape v2.5 software.
Immunohistochemistry and PCR Expression for RB Gene (Tables 3 & 4 and Figures 2 & 3)
Sequences were aligned using the Chromasversion 2.23 (Technelysium, Tewantin, Australia). Screening for large deletions was performed by haplotype analysis using RB1 flanking microsatellites D13S161, S13S164, D13S153, D13S1307, and D13S273. One primer was fluorescently labeled, and the product was separated on an automated sequencer (ABI XL3100; Applied Biosystems). Additional information about mutations and variants was obtained from the RB1 gene database. Primers used for Gene analysis of RB-1 gene (Annex I)
All the cases showed positivity of abnormal Rb-1 gene proteins expression by Immunohistochemistry staining. There were 23/52 (44%) cases who showed no ONI. While there were 29/52 (56%) cases who showed ONI with and positivity of IHC for abnormal Rb-1 gene proteins expression and this was a positive for ONI (p = 0.001). There was positive association of abnormal Rb-1 gene proteins expression for ONI on IHC.There were 24/52 (46%) cases who did not show any invasion of tumor for ODI but showed IHC positivity for abnormal Rb-1 gene proteins expression. While there were 28/52 (54%) cases who showed ODI and positivity of IHC for abnormal Rb-1 gene proteins expression and there was a positive relationship for ODI (p = 0.001) and abnormal Rb-1 gene proteins expression on IHC. All the cases showed positivity of abnormal Rb-1 gene proteins expression by Immunohistochemistry staining. There were 34/52 (65%) cases who showed no EOE but showed IHC positivity. While there were 18/52 (35%) cases who
Statistical Analysis
All collected data was entered in SPSS version 17 and data was analyzed by using the same software. The qualitative data will be presented in form of frequency table (%) and appropriate graphs. The quantitative data was presented in form of mean ± S.E. We l also use Standard Deviation to see the variability of the quantitative data. The following analysis was used to meet the objectives of the study. We calculate prevalence for descriptive study design and Chi-square analysis will be used to see the association between qualitative data. Fisher exact test will was used when expected count was less than 5. A p-value less or equal to 0.05 will be considered as significant.
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RESULTS
The minimum age was 1 year while maximum age was 10 years (Age Range 1 -10 years) while the mean age was 3.54 ± 1.686 years. The maximum numbers of cases with Retinoblastoma eye were of 3 years 18/52 (34.6%) while one case was found with seven years and 10 years group (Figure 1 ). There were 15 cases of bilateral retinoblastoma and 37 cases with unilateral neoplasms. The age range of bilateral tumors was 2 -6 years while the range in unilateral tumor was 1 -10 years (Table 1). There were 32 female and 20 males suffering from Retinoblastoma and male to female ratio was 1:1.5. Male were 38% and females were 61.5% (Table 1, FigFigure 1 . Graph.1: showing statistical Range age of frequency of different cases with retinoblastoma (1 -10 years range). and Figures 3(a)-(c) ).
DISCUSSION
In United Kingdom, most children with Retinoblastoms are diagnosed before the age of five years. Bilateral cases usually present within the first year with the average age at diagnosis being 9 months and age of unilateral cases peaks between 24 and 30 months [2] .
The Rb1 gene is the first cloned tumor suppressor gene. As a negative regulator of the cell cycle, Rb1 gene could maintain a balance between cell growth and development through binding to transcription factors and regulating the expression of genes involved in cell proliferation and differentiation [2] . "The Rb gene product is a phosphoprotein that is expressed in most normal cells of vertebrates. Rb acts as a tumor suppressor by providing a cell cycle checkpoint between the G1 and S phases. The active, underphosphorylated form of Rb (Rb or pRb) is primarily found in resting or fully differentiated cells. The activity of Rb is negatively regulated by cyclin dependent kinases, which phosphorylate Rb in late G1. Thus, the hyperphosphorylated form (ppRb) is primarily found in proliferating cells. pRB inactivation is a critical step leading to S-phase commitment at the G1 checkpoint of the cell cycle" [11, 12] . In children with the heritable genetic form of Rb, there is a mutation on chromosome 13, called the retinoblastoma 1 (Rb1) gene [2] . Several lines of evidence indicate that mutational inactivation of both alleles of the RB gene is required for retinoblastoma genesis. The structural analysis presented herein was undertaken to provide a framework for characterizing these mutations. We detected RB gene altered proteins products by IHC and pattern of mutation on coding strand of exon by PCR.
All the cases (100%) showed positivity of abnormal Rb-1 gene proteins expression by Immunohistochemistry staining. There were 34/52 (65%) cases who showed no EOE but showed IHC positivity. While there were 18/52 (35%) cases who showed EOE. RB expression was significantly associated with EOE (p = 0.002) and abnormal Rb-1 gene proteins expression. These findings are consistent with Yun et al. who described that patients with sporadic unilateral Rb, both Rb1 gene mutations occur in somatic cells and are associated with retinoblastoma and also have an increased risk of tumors outside the eye (second cancer). Almost all patients with sporadic Rb are bilateral and virtually all patients with familial Rb are heterozygous for Rb1 gene mutations that cause predisposition to Rb (hereditary Rb). In families, Rb predisposition is transmitted as an autonomic dominant trait [13] [14] [15] . On PCR, 51/52 (98%) tumors expressed gene mutation as compared to 100% expression shown by IHC. Out of these, 28/51 (55%) cases showed ONI and ODI with positivity for mutated RB gene. A positive association was seen among RB gene mutation with ONI and ODI (p = 0.05). There were 33/51 (65%) cases who did not show any EOE but showed PCR positivity for RB gene mutation. While there were 18/51 (35%) cases who showed EOE and positivity of PCR for Rb-1 gene mutation and a positive association was seen with EOE and gene mutation (p = 0.005). Our results are consistent with Eagle et al, their harbor mutations in both copies of the RB1 gene and associated with uveal invasion and retrolaminar optic nerve invasion [5, 16, 17] . Laurie et al. proved this association at molecular basis, and their "detailed analysis of these cells as they were propagated in culture from the primary tumor shows that changes in cadherin-mediated cell adhesion are associated with retinoblastoma invasion of the optic nerve prior to metastasis. In addition, the same changes in cadherin-mediated cell adhesion correlate with the invasive properties of the human retinoblastoma cell lines isolated decades ago, providing a molecular mechanism for these earlier observations" [18] . In another study, it was seen that relating the RB gene expression with the clinico-pathologic features of the tumor tissues, and found that the tumor with invasion of choroid, optic nerve and retinal pigment epithelium, had relatively higher gene expression, when compared with the tumor with only choroidal invasion [19] .
In another animal study, to generate animal models of retinoblastoma that closely resemble metastatic and nonmetastatic human disease for the purposes of examining tumor biology and developing alternate treatments, human retinoblastoma cell lines were injected into the vitreal cavities of immunodeficient mice, they proved that RB mutation was associated with histological criteria for poor prognosis like ONI and distance metastasis [20] .
According to Lohmann et al. (2010) , molecular genetic testing of the RB1 gene in white blood cell DNA is available in clinical laboratories and can identify a germline mutation in 90% -95% of individuals with a hereditary predisposition to RB [13] . In our study, we deselected 98% -100% mutation by PCR and IHC respectively, on tumor tissues.
Constitutional mutations of the RB1 gene are associated with a predisposition to retinoblastoma. It is essential to identify these mutations to provide appropriate genetic counseling in retinoblastoma patients [21] . Sequence analysis is used to identify small deletions, insertions, and base substitutions in exons and splice site consensus regions which account for about 70% of oncogenic RB1 mutations [14, 22] .
By using exon-by-exon analysis, the RB1 mutations were first screened in tumor DNA, we found that the most common sequence of mutation were seen on coding region. It was seen on exon 17 (354 bp), 20 (326 bp), 24 (165 bp) and 13 (490 bp) while few other mutations were also detected. 33 cases showed double sequence of mutation while 12 expressed single and 6 showed triple pattern of mutation. Most of the double and triple sequences of mutations were associated with ONI, ODI and EOE. In a study it was seen that by gels, coding strand of exon 20 and 14 showed mutation sites [23] . Our findings are also consistent with Shimizu et al. (1994) , who found where the SSCP analysis of exon 13 shows an abnormal banding pattern in tumor DNA of patients with Retinoblastoma [24] .
Summary: RB-1 gene was detected in 98% -100% tumors and a positive association was seen with tumor size and tumor extension (optic nerve, and extraocular extension). No Association was see with age, gender and laterality of the tumors. The most common sequence of mutation was on 13 with 33 cases for double mutation, 12 cases for single and 6 patients for triple pattern of mutation. Most of the double and triple sequences of mutations were associated with ONI, ODI and EOE.
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